The increasing prevalence of energy drink (ED) use and its link with negative behaviors and adverse health outcomes has garnered much attention. Use of EDs combined with alcohol among college students has been of particular interest. It is unclear if these relationships develop in the context of college, or if similar associations exist in younger individuals. The present study examined associations between ED consumption patterns and other substance use in an adolescent, school-based sample. Participants were N = 3743 students attending 8th, 10th or 12th grade in a suburban central Virginia public school system who completed a prevention needs assessment survey in 2012. Chi-square analyses and logistic regressions were used to compare rates of alcohol, tobacco and other drug use across three ED use groups: moderate/heavy (12.6%), light (30.5%), and non-users (57%). Over 40% of the sample reported recent (past month) ED use, with males more likely to report moderate/heavy ED use than females (14.0% and 11.1%, respectively; p = 0.02). After adjusting for gender and grade, ED use group predicted lifetime alcohol, tobacco and other drug use (all p b 0.001). Moderate/heavy ED users were most likely and ED non-users were least likely to report using each of the 13 substances in the survey, with light ED users intermediate to the other two groups. Moderate/ heavy ED users were consistently most likely to report licit and illicit substance use. Additional research is needed to better understand which adolescents are at greatest risk for adverse health behaviors associated with ED use.
Introduction
As the popularity of caffeinated energy drink (ED) use continues to increase, so do concerns about possible adverse effects. Many EDs contain substantive amounts of caffeine and heavy caffeine consumption can lead to such adverse effects as agitation/jitteriness, insomnia, tachycardia, and muscle tremors (Reissig et al., 2009; Arria and O'Brien, 2011) . Monitoring has proven difficult, however, as many ED products are marketed as conventional foods, which do not require reports of serious adverse events to the FDA.
EDs are particularly popular among college students, with about two-thirds (65.5%) reporting ED use (e.g., Arria et al., 2011) . ED use has been linked to heavier drinking, use of illicit and prescription drugs and other risk behaviors (e.g., Arria et al., 2011) . Furthermore, college students who consume EDs combined with alcohol are more likely to use marijuana, meet criteria for alcohol dependence, and engage in other hazardous behaviors (Arria et al., 2010 . ED marketing efforts often focus on young people, and ED consumption has increased among adolescents (Harris and Munsell, 2015; Pennington et al., 2010) , with 30 to 50% of teens reporting ED use (Seifert et al., 2011) . With increased use has come increased problems, and adolescents make up a significant portion of those negatively impacted by heavy caffeine use. In 2011, nearly 1500 energy-drink-related emergency department visits by individuals aged 12 to 17 were reported (SAMHSA, 2013) . In Canada, ED use in adolescents has been linked to alcohol, tobacco and other drug use, as well as sensation-seeking and recent traumatic brain injury (TBI) (Hamilton et al., 2013; Ilie et al., 2015) .
Despite increasing prevalence of ED use among adolescents, research has been sparse, with ED use often defined in broad terms (any use, lifetime) that may lack the specificity needed to better understand correlations between ED, other substance use and adverse consequences (Striley and Khan, 2014) . Adolescent vulnerability for drug use and problems makes them an important target for substance abuse prevention Preventive Medicine Reports 4 (2016) 
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Preventive Medicine Reports j o u r n a l h o m e p a g e : h t t p : / / e e s . e l s e v i e r . c o m / p m e d r efforts. The present study examined associations between ED and other substance use in a sample of 8th, 10th and 12th graders. Specifically, we compared rates of alcohol, tobacco and other drug use across 3 ED consumption groups. We hypothesized that rates of alcohol, tobacco, and other drug use would be highest among the moderate/heavy ED users, followed by light ED users, and finally non-ED users.
Method

Participants
Participants were N = 3743 students attending 8th, 10th, or 12th grade in one suburban, central Virginia public school system participating in the 2012 Prevention Needs Assessment Survey (representing over three-fourths (78%) of students in the school district).
Procedure
Parents of eligible participants were informed about the dates and purpose of the survey via an email. Assurances were given that students and individual schools would not be identified. A waiver of documentation of parental approval was used with passive consent procedures to obtain parental permission for students to complete the survey. On the day of administration, the survey was sent out to randomly selected 8th, 10th, and 12th grade classrooms and all students in attendance whose parents did not opt them out of participation were invited to complete the 45-minute, anonymous, paper-and-pencil survey during the school day. Prior to survey administration, students were reminded that the survey was anonymous and participation was voluntary.
Survey content focused on school experiences, peer interactions, family influences, community environment, risky behaviors, and substance use, including ED, alcohol, tobacco, and other drugs. The survey was developed by an organization dedicated to community-based prevention activities. Prior to administration, survey content was reviewed and approved by the school board, as well as the central Virginia school system and Institutional Review Board.
Measures
Measures included demographic, ED, alcohol, tobacco, and other drug use variables from the anonymous survey. The ED use item, "On how many occasions (if any) have you had an energy drink (e.g., Monster, Red Bull) during the past 30 days?" (with response options: 0, 1-2, 3-5, 6-9, 10-19, 20-39, and 40+) was used to categorize students into one of three past month ED use groups: non-users (0 times, N = 1693; 57%), light ED users (1-5 times, N = 905; 30.5%), and moderate/heavy ED users (6 or more times, N = 374; 12.6%). For all other substances (see Table 1 ), participants were labelled "users" if they reported using that particular substance 1 or more times (lifetime).
Data analysis
Demographic (grade and gender) and other substance use data were compared across the 3 ED use groups using chi-square analyses. Then, logistic regression was used to predict alcohol, tobacco, and other drug use across the three ED use groups. Repeated contrasts were performed for the ED use variable, comparing non-ED users to light ED users, moderate/heavy ED users to non-users, and light ED users to moderate/heavy users. All analyses were carried out using SPSS version 21. For all reported analyses, Bonferroni corrections were applied to reported p-values and confidence intervals to adjust for the multiple comparisons and maintain an overall 0.05 family-wise error rate. Items left blank or with multiple responses were excluded from analyses involving that specific item.
Results
Sample demographics
The sample included N = 1447 (38.7%) 8th graders, N = 1225 (32.7%) 10th graders, and N = 1071 (28.6%) 12th graders. Mean age was 15.4 years (SD = 1.7) and 48.3% were female. The sample was predominantly White (59%), followed by African American (33.2%), Hispanic (10.9%), Native American (5.8%), and Asian (5.3%).
ED use by grade and gender
Any ED use (lifetime)
The percent of adolescents who consumed EDs at least once increased from 64.5% in 8th grade to 73.5% in 10th grade, and 77.4% in 12th grade (p b 0.01). There were no gender differences, with nearly three-fourths of both males and females reporting ED use (70.2% vs 71.4%, respectively; NS).
Any ED use (past month)
The percent of adolescents who consumed EDs at least once in the past month did not differ by age/grade level (45.5% vs 40.5% vs 41.8%, respectively; p = 0.06). However, males were more likely to report past month use than females (45.0% vs 41%, respectively; p = 0.03).
Moderate/heavy ED use (past month)
Moderate/heavy ED use rates also did not vary significantly between 8th, 10th, and 12th graders (13.2%, 11.3%, and 13%, respectively; NS). However, males were more likely to report moderate/heavy ED use than females (14.0% vs 11.1%; p = 0.02). Also, male 12th graders were more likely to report moderate/heavy ED use (18.3%) than male 10th and 8th graders (10.4% and 13.5%, respectively; p b 0.01). No such relationship was found for females (p = 0.07). 
Other substance use across 3 ED use groups
Rates of alcohol, tobacco, and other drug use for the full sample and the 3 ED use groups are summarized in Table 1 . Consistently, across all 13 drug types, chi-square analyses found statistically significant differences between the 3 ED use groups.
ED use, grade level, and gender as predictors of substance use
To determine if the ED use group effect remained significant after adjusting for gender and grade level, logistic regression was used, including repeated contrasts (see Table 2 ). Specifically, ED use group predicted lifetime substance use (all p b 0.001) with significance found in nearly all contrasts. Grade level was predictive of lifetime substance use for each class of drugs. In addition, gender predicted lifetime substance use in several cases. Females were more likely to have tried alcohol, cigarettes, inhalants, and sedatives, while males were more likely to have tried LSD.
Discussion
Principal findings
The present study is among the first to quantitatively correlate ED use with adverse health behaviors. When participants were divided into three groups based on frequency of ED use (moderate/heavy, light, and no use), not only did rates of other substance use vary across the 3 ED use groups, but the pattern found was consistent for each of the 13 substances surveyed. In each case, as predicted, moderate/heavy ED users were most likely to use the substance, followed by light ED users and finally ED non-users. Specific contrasts between moderate/heavy and light ED users found some ORs were modest (e.g., 1.67 for amphetamines and 1.89 for marijuana/inhalants), others were moderate (e.g., 2.21 for cigarettes and 2.65 for tranquilizers), and still others were substantive (e.g., 4.22 for methamphetamines and 5.0 for heroin). This consistent dose-response like pattern affirmed moderate/heavy ED using adolescents were more likely to use all licit and illicit drugs surveyed, and might benefit from future substance abuse prevention efforts.
Present study findings are consistent with the much larger literature on college students and relationships found between ED use and problem drinking/other drug use (e.g., Arria et al., 2011) . They are also largely consistent with previous research on adolescent ED use and associated problems (e.g., Azagba et al., 2014; Terry-McElrath et al., 2014) . The present study found a higher proportion of students reported ED use than that found in the Canadian study by Azagba et al. (2014) (42% and 20%, respectively) . Differences in assessment methods may contribute to this discrepancy, with Azagba et al. (2014) focused on past year ED use and the present study examining recent (past month) ED consumption. Agreement between adolescent reports on recent (past month) as compared to past year (average month) ED use warrants further study.
With a cross-sectional design, the present study does not posit a causal relationship between heavy ED and other substance use. The observed associations could represent many things, such as a general propensity toward addiction across a range of substances (e.g., Heath et al., 1997) . Given that adolescent ED use is associated with sensation seeking (e.g., Hamilton et al., 2013) , such correlations could also reflect a common proclivity toward risk taking. Alternatively, the notion that EDs could serve as a gateway drug, increasing likelihood of other drug use also warrants further study (Gallimberti et al., 2015) .
Limitations
The present study relied upon retrospective self-report data, which are subject to recall bias. Further, the survey contained no quantity of ED use information. This limited our definition of moderate/heavy ED use to frequency. Nonetheless, the decision to categorize moderate/ heavy ED use as consumption 6 or more times in the past month, or approximately 1 to 2 times per week, was consistent with research on moderate/heavy use of other substances (e.g., Miller, 2008) . Another limitation was that other substance use was defined by any use (lifetime), which did not allow us to examine more substantive use or problematic use. Given the age groups in our sample, however, this appeared to be an appropriate starting point in the study of ED use subgroups. Lastly, our sample only included data from one suburban school district in Virginia, potentially limiting generalizability of study findings.
Future research
The current study presents benchmark data on the unique and elevated risks associated with moderate/heavy as compared to light and nonuse of ED. While a link between ED use and risky behavior among youth has been previously identified (e.g., Meredith et al., 2015; Miller, 2008) , the mechanisms governing these relationships remain unknown. Additional research is needed to better understand which adolescents are at greatest risk for adverse health behaviors associated with ED use. This information, if used to guide future prevention and intervention efforts, could have positive public health implications. Finally, quantity measures should be developed to more precisely define caffeine consumption and support more accurate and reliable research assessments.
